Incidentally to other studies, Smith (1) noted that removal of the hypophysis in rats is followed by a decrease in size of the spleen as well as of other viscera and endocrine organs. Daily homeotransplants of anterior hypophysis caused return of the viscera to normal or nearly normal proportions. In a series of immature hypophysectomized dogs, Houssay and Lascano-Gonzalez (2) observed that the arrest of growth of the animals was accompanied by a parallel cessation of growth of the spleen. The number of Malpighian corpuscles was more numerous in the hypophysectomized than in the control animals, and these were larger in size. In dogs hypophysectomized after the age of 10 weeks, the follicles of the spleen were more numerous but not larger than in the controls. The rhythm of splenic contraction diminished in the hypophysectomized dog. They concluded, however, that there is no atrophy of the spleen in this animal following removal of the hypophysis.
(From the Laboratory Division, Montefiore Hospital, New York)
PLATES 43 TO 45 (Received for publication, January 8, 1936) Incidentally to other studies, Smith (1) noted that removal of the hypophysis in rats is followed by a decrease in size of the spleen as well as of other viscera and endocrine organs. Daily homeotransplants of anterior hypophysis caused return of the viscera to normal or nearly normal proportions. In a series of immature hypophysectomized dogs, Houssay and Lascano-Gonzalez (2) observed that the arrest of growth of the animals was accompanied by a parallel cessation of growth of the spleen. The number of Malpighian corpuscles was more numerous in the hypophysectomized than in the control animals, and these were larger in size. In dogs hypophysectomized after the age of 10 weeks, the follicles of the spleen were more numerous but not larger than in the controls. The rhythm of splenic contraction diminished in the hypophysectomized dog. They concluded, however, that there is no atrophy of the spleen in this animal following removal of the hypophysis.
The studies reported in the present communication were undertaken to learn more of the relationship that exists between the activity of the anterior hypophysis and the structure and function of the spleen.
The effect of complete and partial hypophysectomy on the size of the spleen in the rat was determined in a large series of mature albino rats at various intervals after operation. The results of daily injec-599 tions of emulsion of fresh anterior hypophysis of cattle on the size of the spleen of hypophysectomized rats was observed. I n a second group of experiments the effect of h y p o p h y s e c t o m y on the regenerative capacity of the splenic stump after removal of four-fifths of the spleen was studied. I n a third group of experiments the effect of repeated injections of emulsions of fresh anterior lobe, and of various fractions of the anterior lobe on the growth of the spleen in normal adult albino rats was determined. 
The Effect of tlypophysectomy on the Size of the Spleen
The rats used in these experiments were all of uniform stock, raised in our laboratory during a period of 12 years. Though of original Wistar strain they were carriers of Bartonella muris. In previous work it had been observed that hypophysectomy does not affect this latent infection. All the rats were between 3 and 4 months of age at the onset of the experiment. In the first group of experiments, a total of 89 rats were divided into 5 groups. Of these, 56 were completely hypophysectomized at intervals varying from 8 days to 4 months prior to the death of the animal. 12 of these 56 had received daily subcutaneous injections of anterior lobe emulsion from the day of operation to the day of death. In 7 rats the posterior and part of the anterior lobe were removed. These animals were killed from 1 to 4 months after the operation. In 6 rats, the hypophysis was exposed but not removed. 20 control animals were included in this series. TxxT-Fm. 1. The effect of partial and complete hypophysectomy in adult rats on the relative weight of the spleen. The height of the bars indicates the average ratios of spleen weight to body weight expressed in hundredths of 1 per cent.
In the series of hypophysectomized rats, no rat was included that presented evidence of infection at autopsy or had received any treatment or injection other than indicated. In each animal the weights of the internal organs, the weight of
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I AND II the spleen and the ratio of the spleen weight to body weight were determined. It was possible to estimate readily whether the loss of spleen weight was greater than or paralleled the loss in body weight.
As indicated in Table I , the average ratio of spleen weight to body weight of 20 normal rats of this stock, 3 to 4 months of age, was 0.37 ~ 3 4 3 6 T 6 9 i0 "v/eeks a~tee eompie~e hypophyaectomy TExT-FIo. 2. The effect of complete hypophysectomy on the relative weight of the spleen. The curve indicates the progressive atrophy of the spleen at varying intervals after hypophysectomy. The points on the chart represent the average ratio of spleen weight to body weight in the given interval. per cent. It will be observed that removal of the hypophysis was followed by a progressive decrease in the ratio of spleen to body weight. The average ratio of spleen weight to body weight in animals in which the hypophysis had been removed 1 week prior to death was 0.31 per cent. The average ratio of spleen weight to body weight in rats hypo-physectomized 2 to 7 weeks before death was 0.213 per cent. In rats hypophysectomized 8 to 18 weeks before death the average ratio was 0.189 per cent. In rats that had received repeated injections of an emulsion of the anterior lobe during a period of 14 days prior to death and that had been hypophysectomized 14 to 30 days prior to the death of the animal, the average ratio of spleen weight to body weight was 0.33 per cent. The operative procedure itself, without removal of the hypophysis, had little effect on the size of the spleen. In those animals in which the hypophysis was partly removed from 1 to 5 months prior to death the results were very variable. The atrophy of the spleen was very marked in 3 instances in which the animals survived 5 months, eyen though a fragment of anterior lobe was present at autopsy. The other animals, killed within shorter periods, showed no atrophy in 2 instances and moderate atrophy in 2 instances. Whatever factor is responsible for spleen growth seems to be exhausted in spite of persistence of anterior hypophyseal fragments. (Text-figs. 1 and 2.)
Histologically, the spleen in hypophysectomized rats showed the picture of atrophy with a decrease in the size of the follicles though a relative increase in their number per unit area. There is an increase in the intersinusoidal connective tissue and a collapse of the sinuses. These are relatively bloodless. The Malpighian corpuscles are small. It is apparent from these observations that removal of the hypophysis in the rat results in a progressive atrophy of the spleen. After a period of 2 to 5 months the ratio of spleen weight to body weight is one-half the normal. This degree of atrophy may be as prominent as that of the atrophy of the thyroid or suprarenal glands. (Figs. 1 to 3 .)
The Effect of Complete Hypophysectomy on the Regeneration of Splenic Tissue
An effort was made in a second group of experiments to determine the effect of complete and partial hypophysectomy on the regenerative capacity of splenic tissue in rats after removal of four-fifths of the spleen. 1 In addition, the course of splenic tissue regeneration in 1 Anderson, Thomson and Collip (3) observed that removal of one suprarenal is not followed by hypertrophy of the other in the absence of the hypophysis. This failure of regeneration they attributed to the withdrawal of an "adrenotropic" hypophysectomized rats treated with a saline emulsion of fresh anterior hypophysis was observed in a few instances. Preliminary experiments and previous observations indicated that the stump of the spleen would undergo regeneration after partial removal in the normal animal3 The stump increases in size to about a third of the spleen within a period of a month. Further growth does not occur after this.
21 rats were divided into 4 groups. 10 were completely hypophysectomized. Of these, 4 were injected daily with 1 cc. of a saline emulsion of fresh anterior hypophysis of the ox (8 glands to 80 cc. of saline) from the day of operation to the end of the experimental period of 2 months. In 6 rats the hypophysis was partially removed (the posterior lobe and part of the anterior lobe). 5 rats were unoperated controls. 30 days after hypophysectomy four-fifths of the spleen in each rat was removed. At the time of the operation the stump was measured and a portion of removed spleen of the same size was weighed. In this manner the weight of the stump was approximated. 28 days after partial splenectomy all the rats were killed and autopsied. The stumps were weighed. The degree of regeneration was estimated by determining the percentage increase in the weight of the stump and the difference between the ratio of the weights of the spleen stump to body weight at operation and at death.
The results are tabulated in Table II . It will be seen that in hypophysectomized rats the splenic tissue fails to regenerate and may undergo some degree of atrophy. The stump decreased in size about 3 to 4 per cent. The ratio of the weight of the spleen stump to body weight expressed in percentage was less at death than at time of partial splenectomy. In contrast to these findings, in the normal rats with intact hypophysis the weight of the regenerated splenic stump increased more than 100 per cent. In the rats in which the hypophysis was removed, but which were treated with emulsion of anterior lobe from the day of hypophysectomy, marked regeneration of the splenic stump occurred. The average increase in weight of the stump was 87 factor. They succeeded in isolating a fraction from the anterior hypophysis, the injection of which stimulated the hypertrophy of the remaining suprarenal gland after unilateral suprarenalectomy in hypophysectomized rats.
One-fifth of the spleen is adequate to prevent the occurrence of Bartonella muris anemia in carrier stock (4) . In the animals included in the experiments reported below the hemoglobin and red cell counts and blood smears were frequently made and no evidence of this infection was observed. * All the rats were 3 to 4 months of age at time of hypophysectomy. 30 days after hypophysectomy four-fifths of the spleen was removed. All the rats were killed 27 days later and the weight of the stump was determined.
t The approximate weight of the splenic stump remaining after partial splenectomy was estimated by weighing a portion of spleen tissue of the same size as the stump,
The saline emulsion of fresh anterior hypophysis of ox was prepared every 3rd day. 8 glands were ground and emulsified in 80 cc, of saline. Each rat received 1 cc. of emulsion subcutaneously daily from day of operation.
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per cent. In rats in which the posterior lobe and part of the anterior lobe of the hypophysis had been removed, the spleen tissue regenerated but the degree of regeneration varied considerably. The difference between the ratio of weight of the spleen stump to the body weight at operation and at death in the 4 groups of animals showed corresponding results (see Table II ).
The histological picture of the regenerated splenic stump in the normal animal 30 days after partial splenectomy shows an increase in the reticular cells of the red pulp with numerous islands of small lymphocytes. Otherwise the splenic stump has all the appearances of a normal spleen. The histological appearance of the splenic stump in animals that had been hypophysectomized previous to partial splenectomy shows a marked atrophy of the follicles and a definite decrease in the reticular tissue of red pulp.
The data presented in these experiments suggest that the anterior lobe of the hypophysis is essential for splenic tissue regeneration. In the absence of the hypophysis, removal of four-fifths of the spleen is not followed by increase in size of the remaining stump. The administration of emulsion of fresh anterior hypophysis in hypophysectomized rats restores the regenerative capacity of splenic tissue to the normal level.
The Presence of a Spleen-Stimulating Factor in Extracts of Anterior Hypophysis (a) The Effect of Repeated Injections of Extracts of Anterior ttypophysis of Cattle on the Size of the Spleen in Bartonella Carrier Rats
In a third series of experiments the effect of injections of emulsions and extracts of cattle anterior hypophysis on the size of the spleen in normal adult rats was studied. This was undertaken to determine whether the anterior hypophysis contains a stimulating factor for splenic tissue and whether such a factor is present in the acid or alkaline extract of the anterior hypophysis. 62 rats, 3 to 4 months of age, were used in these experiments. 12 received daily subcutaneous injections of a saline emulsion of fresh cattle anterior hypophysis in mounts of 1 cc. during a period of 10 days. 7 rats received similar injections during a period of 30 days. 10 rats received similar injections during a period of 5 days. 24 hours after the last injection in each group the rats were killed with ether and the internal organs, including the spleen, were weighed. The ratio of spleen weight to body weight was determined.
6 rats received daily subcutaneous injections of an acid extract of acetone-dried anterior hypophysis (Loeb's method) in amounts of 1 co. 3 during a period of 10 days. The spleen and other organs were weighed at the end of that period as in the previous groups.
7 rats received daily subcutaneous injections of a purified growth fraction (prepared according to the method of Collip (6) from fresh anterior hypophysis in amounts of 1 cc. during a period of 10 days. This fraction was found to contain considerable gonadotropic hormone as well.
As controls for spleen weight in our stock we used 20 normal rats of the same age group as the above.
The influence on the spleen weight of these injections is indicated in Table III . The average ratio of spleen weight to body weight, expressed in percentage, of rats of Bartonella carrier stock, 3 to 4 months of age, is 0.37. Rats injected with saline emulsion of fresh cattle anterior hypophysis during 5 days show a definite increase in the absolute and relative size of the spleen (0.56 per cent of the body weight). When the emulsion is administered during a period of 10 days, the spleen becomes two and one half times the normal size (the ratio of spleen weight to body weight, 0.80). It is of considerable 8 An attempt was made to give extracts in equivalent estimated amounts of fresh gland material in the various groups.
interest t h a t with prolonged administration of emulsion of anterior hypophysis during 30 days the effect on the spleen is less pronounced t h a n after 5 or 10 days. T h e average ratio of spleen weight to b o d y weight was 0.428. This is analogous to the effects of the known hormonal fractions of the anterior hypophysis. The de- All the rats were 3 to 4 months of age. * An emulsion of the anterior lobes of 8 glands (ox) was made in 80 cc. of physiological salt solution under aseptic conditions. Fresh emulsion was prepared every 3rd day. Injections were administered subcutaneously.
t The crude thyrotropic fraction was a simple dilute acetic acid extract of anterior pituitary powder, prepared according to the method of Loeb: 1 cc. was equivalent to ~ gm. of anterior lobe.
:~ The alkaline extract containing the growth hormone was prepared according to Collip's method. It was found to be rich in gonadotropic activity: 1 cc. was equivalent to 2 gm. of anterior lobe. velopment of maximal effects in normal animals of injections of thyrotropic and gonadotropic growth and ketogenic factors is reached within the first 2 weeks, and is definitely diminished after this with the development of an a p p a r e n t tolerance in the animal. The formation of "antihormones" has been suggested by Collip and a review of this subject can be found in a recent article by Collip (7). The spleenstimulating factor apparently acts in a similar manner. (Text-fig. 3.) 
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(b) The Effect of Repeated Injections of Extracts of Anterior ttypophysis on the Size of the Spleen in Bartonella-Free Rats
The experiments presented in the preceding section suggest the presence of a spleen-stimulating factor in the anterior hypophysis. However, it has seemed imperative to repeat the study on the effect of hypophyseal extracts in rats free of latent Bartonella infection and * All rats were of Wistar stock, 8 or 9 weeks of age. In each group equal numbers of male and female rats were used.
t The expected weight of the spleen of rats of Wistar stock may be calculated from the body weight by the following formula (9): 0.00245 body weight + 0.0301 log (body weight)-0.025.
:~ The saline emulsion of fresh anterior hypophysis was made by emulsifying the anterior lobes of 8 glands in 80 cc. of saline. It was freshly prepared with aseptic technique twice a week. § The alkaline extract was prepared as follows: 10 gm. of dried powder was extracted with 100 ec. of 0.5 lq sodium hydroxide overnight. The fluid was brought up to pH 7.8, centrifuged and filtered through the Zeiss filter.
[] The organ extracts were prepared exactly like the alkaline hypophyseal extract (see §). The acetone-dried tissue was obtained through the courtesy of Dr. David Klein of the Wilson Laboratories. ** The acid extract of dried anterior hypophysis was prepared by method of Loeb (5) . 10 gm. of dried powder was extracted with 100 cc. of ~ per cent acetic acid overnight. The fluid was brought to pH 6.8, centrifuged and then brought to 7.8 and faltered through a Zeiss filter. 610
to control the effect of injections of protein as such upon the spleen. Rich, in a recent report (8) , mentions that the spleen of rabbits may enlarge, following the repeated injection of nonbacterial antigenic material, egg white or horse serum for example. In order to determine what part a nonspecific effect of protein played in the increased size of the spleen in our experiments, the effect of horse serum and of extracts of organs other than the hypophysis was studied.
All the rats in these experiments were of Wistar stock, free from Bartonella infection, and all were 8 to 9 weeks of age at the time the injections were commenced. In each instance the extracts were administered daily during a period of 10 days and the rate of growth and size of spleen determined. The following extracts were used: (a) saline emulsion of fresh anterior hypophysis of cattle, (b) saline emulsion of fresh anterior hypophysis of pig, (c) alkaline extract of acetone-dried anterior hypophysis of cattle, (d) an alkaline extract of acetonedried kidney tissue of cattle, (e) an alkaline extract of acetone-dried liver tissue of cattle, (f) an alkaline extract of acetone-dried spleen tissue of cattle, and (g) an acid extract of acetone-dried anterior hypophysis of cattle.
In each test, 6 rats were used. There was a striking consistency in spleen weights in each group. The spleen weights of normal controls of this stock and those given in Donaldson's figures were used for comparison. The results are indicated in Table IV . The average ratio of spleen weight to body weight in normal Bartonella-free rats of Wistar stock of this age as determined by the control group and as calculated from Donaldson's tables is approximately 0.27 per cent. It will be observed from the table that the repeated injections of horse serum and alkaline extracts of kidney, liver and spleen prepared in the manner of the hypophyseal extracts had little or no effect on the size of the spleen. The saline emulsions of anterior hypophysis and, notably, the alkaline extract of the dried anterior hypophysis had the most pronounced effect on the growth of the spleen, as in the earlier experiments with Bartonella carrier rats. The average ratio of spleen weight to body weight in rats injected with such alkaline extracts was 0.486 (almost twice that of the controls).
The preliminary attempt at separation of the spleen-stimulating factor suggests its presence in the alkaline fraction of the dried, as well as of the fresh hypophysis, and its absence in the acid fraction of the dried gland. It is important that in the animals tested (which were
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OF HYPOPII-YSIS TO SPLEEN. I AND II still immature) the alkaline extract of the dried gland yielded the maximal spleen-stimulating effect, but the rate of growth in these animals was normal. The alkaline extract of dried powder is a relatively poor source of growth hormone but an excellent source of the spleen-stimulating factor. The acid extract of the powder contained no spleen-stimulating factor but was a fairly good source of growth hormone. It would seem then that the spleen-stimulating factor exists in the alkaline extract of the fresh or dried anterior hypophysis but is probably distinct from growth hormone. These experiments further suggest that the anterior hypophysis contains a spleen-stimulating factor and that the effect of its injection is not due to the repeated injection of antigenic protein material, nor are similar effects observed when other organ extracts are injected.
Histological Changes Induced by Anterior Hypophyseal Extracts
The spleens of rats injected with fresh anterior hypophysis emulsion or an alkaline extract of fresh or dried anterior hypophysis show a striking histological appearance. There is a hyperplasia of the germinal centers of the follicles. The outer zone of mononuclear cells (modified reticular cells) is much wider than normal and fades into the red pulp. There is a pronounced proliferation of reticular and endothelial cells throughout the red pulp. Aggregates of these cells appear which contain small clusters of small lymphocytes. There is an increase in the number of megakaryocytes. Considerable hemosiderin pigment is present. Histological appearance of spleen in those animals that have been injected with the acid extract of the anterior hypophysis (thyrotropic fraction) is the same as that observed in the normal controls. The repeated injection of horse serum seems to have some effect on the cellular elements in the spleen. Some increase in the outer zone of mononuclear elements of the follicles occurs. Changes, however, do not occur in the red pulp, such as are observed when the hypophyseal emulsion or alkaline extract is used.
Repeated injections of fresh emulsion of the anterior hypophysis or of alkaline extracts were associated with a great stimulation in the number of hemocytoblasts of the bone marrow. The number of megakaryocytes is also largely increased. Erythropoiesis seems un-affected. 4 Sections through the lymph nodes show some hyperplasia of the follicles. The Kupffer cells of the liver are unaffected. (Figs.  4 t o 7) . DISCUSSION The evidence presented in this communication supports the view that there is a relationship between the anterior lobe of the hypophysis and the spleen. The complete removal of the hypophysis in the adult rat is followed by a progressive atrophy of the spleen which exceeds the rate of loss in weight of the animal. The degree of atrophy is analogous in many instances to that of suprarenals or thyroid. The atrophy of the spleen is dependent on the withdrawal of a stimulating factor in the anterior hypophysis, since removal of the posterior lobe and part of the anterior is not followed by a similar degree of atrophy of the spleen. The injection of a saline emulsion of fresh anterior hypophysis in hypophysectomized rats during a period of 14 days prior to death, repairs in most instances the atrophy of the spleen.
The inhibitory effect of hypophysectomy on the regenerative capacity of splenic tissue is further evidence of the presence of a controlling factor in the anterior hypophysis. In the normal adult rat, removal of four-fifths of the spleen is followed by hypertrophy of the stump to about one-third the normal spleen. In the hypophysectomized rat the stump becomes absolutely and relatively smaller within the same period of observation. The capacity for regeneration of the splenic tissue in hypophysectomized rats is restored by the administration of anterior hypophyseal emulsion.
The anterior hypophysis possesses a factor capable of stimulating the growth of the spleen in the normal rat. This factor is not present in the acid extract of anterior hypophysis but is present in a marked degree in the alkaline fraction containing the growth and gonadotropic hormones. An alkaline extract of dried anterior hypophysis containing little or no growth factor is rich in the spleen-stimulating factor. As in the case of hypophyseal hormones, a tolerance develops in the normal rat to its injection and the maximal splenic effect is attained within 2 weeks. Little effect is apparent after a month of daily administration (antihormone effect?).
RELATION OF I-IYPOPIffYSIS TO SPLEEN. I AND II
It would seem probable that a spleen-stimulating factor or hormone in the anterior hypophysis may exist. Though the evidence is suggestive at present, it cannot be stated with certainty that the spleenstimulating factor is separable from the growth and gonadotropic principle.
SUM'~rARY I. Removal of the hypophysis in adult rats is followed by progressive atrophy of the spleen. At the end of 2 months the ratio of spleen weight to body weight is one-half the normal. The administration of hypophyseal emulsion repairs to a considerable dcgrcc the atrophy of the spleen in such animals.
2. Hypophyscctomy complctcly inhibits the regeneration of splenic tissue after partial splencctomy. Administration of anterior hypophyscal emulsion restores the regenerative capacity of splenic tissue of the hypophyscctomizcd rat to the normal.
3. The daily administration of anterior hypophyseal emulsion of cattle or of alkaline extracts of fresh or acetonc-dricd anterior hypophysis during a period of i0 days in normal Bartonella carrier or Bartonella-frce rats results in hypertrophy of the splecn to twicc normal size. Normal rats receiving emulsion during a period of i month become refractory to the splecn-stimulating effect. The spleen shows little increase in size abovc the normal at the end of this period. Injections of horse serum or of alkaline extracts of acetone-dried kidney, spleen or livcr of cattle did not cause cnlargcmcnt of the spleen of rats of Bartonella-frce stock.
4. The increase in the sizc of the splecn, following daily administration of emulsion of the anterior hypophysis, is duc primarily to a marked hyperplasia of the reticular and endothelial cells of the red pulp. The follicles also increase in size. Clustcrs of reticular ccUs containing numerous lymphoid elements appear throughout the splenic pulp. The reticular tissue of the bone marrow is similarly increased. There is a striking increase in thc number of hcmocytoblasts and mcgakaryocytes. The Kupffcr cells arc not affcctcd.
5. The splecn-stimulating factor is not present in the acid extract of anterior hypophysis that contains thyrotropic and adrenotropic factors. It is present in some degree in an alkaline extract of fresh anterior hypophysis containing growth and gonadotropic factors. It 
